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T he traditional blood transfu-
sion threshold of 10-g/dL he-
moglobin level resulted in the
use of !11 million units of

blood each year in the United States alone
(1–6). This practice has been challenged
by the TRICC study (Transfusion Re-
quirements in Critical Care), which com-
pared the outcomes of a restrictive policy
(transfusion for hemoglobin level of

"7 g/dL) with the traditional standard
(7). The restrictive transfusion strategy
was as effective as the liberal strategy in
the critically ill and had lower in-hospital
mortality, cardiac complication rate, and
organ dysfunction. The effect of the
TRICC study on transfusion practices in
the United States has been variable. The
CRIT study, a prospective, multicenter, ob-
servational study of intensive care unit

(ICU) patients, analyzed the transfusion
practices of 284 ICUs in 213 U.S. hospitals
(8). Transfusion occurred at a hemoglobin
level of 8.6 # 1.7 g/dL, and the amount of
blood transfused was associated with mor-
tality and ICU length of stay. This observa-
tional study supported the TRICC study
findings and demonstrated that the restric-
tive policy has not been incorporated into
practice in the United States.

*See also p. 1822.
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Objective: To delineate blood transfusion practices and out-
comes in patients with major burn injury.

Context: Patients with major burn injury frequently require
multiple blood transfusions; however, the effect of blood trans-
fusion after major burn injury has had limited study.

Design: Multicenter retrospective cohort analysis.
Setting: Regional burn centers throughout the United States

and Canada.
Patient Population: Patients admitted to a participating burn

center from January 1 through December 31, 2002, with acute
burn injuries of >20% total body surface area.

Outcomes Measured: Outcome measurements included mor-
tality, number of infections, length of stay, units of blood trans-
fused in and out of the operating room, number of operations, and
anticoagulant use.

Results: A total of 21 burn centers contributed data on 666

patients; 79% of patients survived and received a mean of 14
units of packed red blood cells during their hospitalization. Mor-
tality was related to patient age, total body surface area burn,
inhalation injury, number of units of blood transfused outside the
operating room, and total number of transfusions. The number of
infections per patient increased with each unit of blood trans-
fused (odds ratio, 1.13; p < .001). Patients on anticoagulation
during hospitalization received more blood than patients not on
anticoagulation (16.3 ! 1.5 vs. 12.3 ! 1.5, p < .001).

Conclusions: The number of transfusions received was asso-
ciated with mortality and infectious episodes in patients with
major burns even after factoring for indices of burn severity. The
utilization of blood products in the treatment of major burn injury
should be reserved for patients with a demonstrated physiologic
need. (Crit Care Med 2006; 34:1602–1607)
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The applicability of the TRICC and
CRIT studies to burn patients is limited.
Burn patients were not analyzed in either
study, and in the TRICC study, patients
were excluded for a hemoglobin drop of 3
g/dL or a 3-unit transfusion within 24 hrs
of admission, which commonly occurs
after burn injury due to blood loss, he-
modilution, or hemolysis. We subse-
quently surveyed burn unit directors on
their blood transfusion practices for pa-
tients with !20% total body surface area
(TBSA) burn (9). The mean hemoglobin
transfusion threshold of 8.1 g/dL was in-
fluenced by burn size and patient age.
However, this study examined physician-
reported transfusion thresholds, not ac-
tual transfusion practice.

The purpose of the current study was
to evaluate burn center transfusion prac-
tices in patients with burn injury of
!20% TBSA and to assess the effects of
blood transfusion on patient survival. We
hypothesized that reported transfusion
thresholds would differ from actual trans-
fusion practices and that the number of
units of blood transfused during the hos-
pital stay would have an adverse effect on
patient survival.

METHODS

Burn centers participating in the American
Burn Association Multicenter Trials Group,
dedicated to the identification, development,
and conduct of multicenter studies analyzing
burn-related treatments and outcomes, were
recruited for participation in the study. Each
center provided input into both the study de-
sign and data collection.

Patient Eligibility Criteria. Patients were
eligible for inclusion if they had an acute burn
injury of !20% TBSA and were admitted to a
participating member of the Burn Multicenter
Trials Group during the period from January
1, 2002, to December 31, 2002. Patients ad-
mitted !72 hrs after burn injury were ex-
cluded from the study. Each institution ob-
tained approval from its human subjects
review board.

Data Recorded at Admission. The follow-
ing admission variables were recorded: demo-
graphics (sex, age, weight), TBSA burn (per-
centage of partial thickness, full thickness,
and total burn size), and presence of inhala-
tion injury. Other preinjury factors that might
influence transfusion practices including pre-
existing cardiac disease and the use of antico-
agulants (Coumadin or aspirin) before burn
injury were also documented. Data were col-
lected on a standardized data collection form
and sent to the first author (T. L. Palmieri).

Burn Treatment Data. Variables associated
with patient treatment that might alter blood

transfusion requirements, specifically the
need for escharotomies or fasciotomies and
the use of anticoagulation during hospitaliza-
tion, were recorded. Treatment modalities
specific to the burn injury itself, including the
total number of operations, and the interval
from admission to the first burn-related oper-
ation (defined as the first excision and grafting
procedure) were gathered.

Blood Transfusion Data. To determine dif-
ferences in blood transfusion thresholds over
time, the number of days from admission to
the first blood transfusion and the number of
days between admission and the last blood
transfusion were recorded for each patient.
The hemoglobin level immediately before the
first and last blood transfusions were also
noted. The total number of units of blood
transfused in the operating room (defined as
blood received while the patient was physically
in the operating room) and the total number
of units of blood transfused during the hospi-
talization were recorded. The difference be-
tween the total number of units transfused
during the hospitalization and the number of
units transfused in the operating room was
used to determine the number of units of
packed red blood cells transfused “outside” the
operating room (i.e., in the burn ICU or ward).

Outcome Measurements. The primary out-
come measure was mortality from all causes
during hospitalization. Secondary outcome
measures included the number of infectious
episodes (urinary tract infection, pneumonia,
blood stream infection, wound infection, and
central venous catheter infection as defined by
the Centers for Disease Control (10)) and hos-
pital length of stay. Infectious complications
were recorded based on culture results docu-
mented in the patient record throughout the
hospital stay by independent study coordina-
tors who were not familiar with the hypothesis
of the study. Bloodstream infections were re-
corded from the chart review and consisted of
growth of a recognized pathogen from blood
culture, not related to another site of an in-
fection, and for which a course of antibiotics
was given.

Statistical Analysis. A p value of ".05 was
set as the criterion for statistical significance.
Overall, binary data were compared with chi-
square tests; Student’s t-tests were used for
continuous or count data. Specifically, survi-
vors were compared with nonsurvivors using
Student’s t-test for patient characteristics and
treatment variables. Transfusion thresholds
for a given TBSA, hemoglobin level at first
transfusion, and hemoglobin level at last
transfusion were compared for selected co-
morbidities (cardiac disease, acute respiratory
distress syndrome [ARDS], sepsis, children,
burn of !50% TBSA) using analysis of vari-
ance with Tukey’s correction for multigroup
comparisons. Transfused and nontransfused
patients were compared using Student’s t-test.
Spearman’s rank-correlation coefficient was
used to determine the association between the
number of blood transfusions and infection.

Age in years was a continuous variable for the
analyses, except when recoded into the age
groups of "5, 5–18, 19–39, 40–60, and !60
yrs for comparisons of hemoglobin levels at
first and last transfusion.

A series of statistical comparisons were
made between survivors and nonsurvivors for
the patient characteristics and treatment- and
transfusion-related variables. Multivariate ad-
justed logistic regression analysis for survival
was used to determine independent predictors
of survival and for calculating the odds ratio
between the number of units transfused and
infectious episodes. Two separate multivariate
models for survival were developed: the first
analyzed the total number of transfusions as
an independent predictor of survival. A second
model was used to analyze the effects of the
number of units of blood transfused in the
operating room and outside the operating
room on survival. For these analyses, age and
TBSA were forced into the model because they
were considered important biological variables
to be statistically controlled. The data are ex-
pressed as the mean # SEM, with p " .05 as the
determinant of statistical significance.

RESULTS

Demographics. Data were collected on
a total of 666 patients from 21 different
burn centers. Survival for the entire pa-
tient cohort was 79%. A total of 46 pa-
tients (3%) died within 24 hrs of admission
and were not included in multivariate data
analysis. These patients were older and had
primarily sustained massive, nonsurvivable
burns (mean age, 46.3 # 3.9 yrs; mean
TBSA burn, 72.5%; 83% had severe inhala-
tion injury). The mean age for the remain-
ing 620 patients with burns of !20% TBSA
burn was 32.1 # 0.9 yrs, with the highest
percentage of patients being in the age
group of 19–39 yrs (Table 1). Males sus-
tained burn injury far more frequently than
females (76% vs. 24%). The mean burn
size was 36.4% # 0.8% TBSA. The num-
ber of patients decreased as burn size
increased; the greatest number of pa-
tients sustained burns between 20% and
39% TBSA. Inhalation injury was present
in 35% of patients. At the time of admis-
sion, 8.1% of patients had a history of
cardiac disease, and 2.2% of patients were
receiving anticoagulation before their in-
jury. Ninety of the 620 patients died
(14.5%) (Table 1).

Transfusion-Related Results. Of the
620 patients analyzed, 463 (74.7%) re-
ceived blood during their hospital stay
(total of 8488 units of blood transfused).
The percentage of patients receiving trans-
fusion did not differ between survivors
(75%) and nonsurvivors (74%) (Table 1).
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Patients received their first blood transfu-
sion a mean of 5.3 # 0.3 days after admis-
sion, and the last transfusion was admin-
istered 28.8 # 1.4 days after admission.
Hemoglobin levels immediately before
transfusion differed significantly (p " .05)
between the first (9.3 # 0.1 g/dL) and last
(9.1 # 0.1 g/dL) transfusion. The mean
total number of blood transfusions received
per patient throughout the hospital stay
was 13.7 # 1.1 units. Of those, 4.3 # 0.3
units were transfused in the operating
room. The mean hemoglobin level for
patients who received their first transfu-
sion in the operating room (presumably
given for acute blood loss during surgery)
was 10.2 # 0.2 g/dL. Patients who re-
ceived their first unit of blood outside of
the operating room had a significantly
lower mean hemoglobin level (8.9 # 0.1
g/dL, p " .05) at the time of transfusion.
However, both groups received their first

unit of blood a mean of 5.3 # 0.3 days
after admission.

The effects of the extent of the burn
injury on hemoglobin transfusion thresh-
old demonstrated a similar pattern. The
hemoglobin level at the time of transfu-
sion was not significantly different
among burns of different sizes (i.e., the
transfusion threshold was not altered by
the extent of burn injury). The hemo-
globin level at the first transfusion was
higher than the hemoglobin level at the
last transfusion for all burn sizes.

Hemoglobin transfusion practices dif-
fered for “high-risk” patients, including
children and patients with cardiac dys-
function, inhalation injury, ARDS, TBSA
burn of !50%, and sepsis (Table 2). Pa-
tients with inhalation injury, cardiac dys-
function, ARDS, and blood stream infec-
tion had larger burn injuries and received
more blood products than patients with-

out these comorbidities. Patients with
burns of !50% TBSA (massive burns)
received the greatest number of transfu-
sions (!30 units of blood per patient,
twice that of all patients and approxi-
mately one third more than patients with
other comorbidities). Children were the
sole exception among the high-risk groups;
they had burns of similar magnitude and
received the same number of transfusions
as their adult counterparts, despite hav-
ing a lower initial hemoglobin level at the
first transfusion.

A total of 157 patients (25.3%) with
hospital length of stay of !24 hrs did not
receive any blood transfusions. Patients
who did not receive blood transfusion had
smaller burns (29.5% # 1.0% vs.
38.8% # 0.8% TBSA burn, p " .0001),
fewer infections (pneumonia, urinary tract
infection, blood stream infection, and
wound), fewer operations (0.54 # 0.1 vs.
4.6 # 0.2, p " .0001), lower rate of inha-
lation injury (19.7% vs. 40.0%, p " .05),
lower rate of ARDS (5.1% vs. 25.3%, p "
.05), and shorter hospital length of stay
(13.5 # 0.9 vs. 48.8 # 1.9 days, p " .001)
than patients receiving blood transfusion
(Table 3). Thus, groups not receiving blood
transfusion seemed to have fewer compli-
cations than groups receiving transfusion.
However, this is likely due to an overall
lower severity of illness (smaller burn,
lower rate of inhalation injury). Survival
did not differ between the groups. Of the 23
deaths in the nontransfused group, 13 oc-
curred within 72 hrs of admission in older
patients with massive nonsurvivable burns
(mean age, 60 # 5.4 yrs; TBSA, 50.3% #
6.2%). The mortality in the nontransfused
group without this patient cohort would
be 6%.

Other Treatment Variables. Thirty-
five percent of the patients (n $ 217)
received anticoagulation during their
hospital stay. Of these, 5% of patients (10
of 217 patients; primarily those patients
who were on anticoagulation before burn
injury) received continuous intravenous
heparin therapy. The remaining 98% of
patients (212 of 217) received anticoagula-
tion primarily with low molecular weight
heparin or subcutaneous heparin for deep
venous thrombosis prophylaxis. The dos-
age, route of administration, and interval of
administration varied markedly between
different centers, precluding analysis of
any anticoagulation modality. Patients
receiving anticoagulation received more
transfusions than patients not receiving
anticoagulation (16.3 # 1.5 vs. 12.3 #
1.5, p " .001). The number of units of

Table 1. Patient characteristics at admission

Parameter
Survivors
(n $ 530)

Nonsurvivors
(n $ 90)

All
(n $ 620)

Demographics
Age, yrs 29.3 # 3a 48.5 # 2.6a 32.1 # 0.9
Sex, male/female 3:1 3:1 3:1

Severity of illness
TBSA total 34.4 # 0.8a 48.0 # 2.2 36.4 # 0.8
TBSA full thickness 18.3 # 0.8a 34.9 # 2.6 20.8 # 0.8
Inhalation injury 160 (30)a 56 (62) 216 (35)

Medical history
Cardiac disease 30 (5.7)a 22 (24) 52 (8)
Anticoagulation 11 (2.1) 3 (3.3) 14 (2)

Interventions during first 24 hrs
Escharotomy 139 (26)a 44 (49) 183 (30)
Fasciotomy 37 (7)a 14 (15) 51 (8)

Interventions during hospitalization
Anticoagulation 182 (34) 35 (39) 217 (35)
Time to 1st operation (days) 6.1 # 0.3a 3.8 # 0.4 5.8 # 0.3
Number of operations 3.7 # 0.2a 2.7 # 0.4 3.6 # 0.1
Received Transfusion 396 (75) 67 (74) 463 (75)

TBSA, total body surface area.
ap " .001 survivors vs. nonsurvivor. Variables expressed as mean # SEM or actual number with

percentages in parentheses.

Table 2. Transfusion thresholds for patients with significant comorbidities

Variable (No. of Patients) TBSA Hb First Hb Last
Total Units

PRBC

Cardiac disease (41) 34.7 # 1.9 9.3 # 0.3 8.6 # 0.2a 19.5 # 4.2
Inhalation injury (181) 43.8 # 1.3 9.4 # 0.1 9.1 # 0.1a 23.0 # 2.7
ARDS (126) 45.9 # 1.7 9.6 # 0.2 8.9 # 0.1a 29.0 # 4.2
Sepsis (193) 45.4 # 1.4 9.3 # 0.2 8.9 # 0.1a 27.8 # 3.0
TBSA of !50% (112) 66.1 # 1.3 9.2 # 0.2 8.9 # 0.2 34.1 # 4.9
Age of "18 yrs (190) 36.6 # 1.2 8.9 # 0.1 9.1 # 0.1 13.2 # 2.8
All patients 34.4 # 0.8b 9.3 # 0.1 9.1 # 0.1a 13.7 # 0.1b

TBSA, total body surface area; Hb, hemoglobin; PRBC, packed red blood cell; ARDS, acute
respiratory distress syndrome.

ap " .05 by Student’s t-test vs. Hb at first transfusion; bp " .05 for TBSA burn and total number
of PRBC transfusions in all patients vs. cardiac, inhalation, ARDS, sepsis, and TBSA of !50% groups.
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blood transfused during surgery was also
significantly higher for patients receiving
anticoagulation (6.3 # 0.7 vs. 3.9 # 0.3
units, p " .001). The total number of
blood transfusions correlated with anti-
coagulation during the hospital stay (rho
coefficient, 0.163; p " .001).

Escharotomies were performed in 30%
of patients (n $ 183), and 8% of patients
(n $ 51) had fasciotomies. Anticoagulation
(either unfractionated low-dose heparin,
low molecular weight heparin, or aspirin)
was administered to 35% of patients (n $
217) during their hospital stay. Nineteen
percent of the patients did not have an
operation. The mean number of opera-
tions for those patients who underwent
surgery was 3.6 # 0.1, with the first op-
eration occurring an average of 5.8 # 0.3
days after admission. Survivors required
fewer escharotomies and fasciotomies

than nonsurvivors, reflecting the lesser
severity of their injury. Of note, survivors
had a longer interval between admission
and the first operation (6.1 days) than
nonsurvivors (3.8 days) (Table 1).

Outcome. The total number of units of
blood transfused correlated with the num-
ber of infectious episodes documented dur-
ing the hospital stay (Spearman’s rank cor-
relation, 0.647; p " .001). However, the
site of infection did not differ between
survivors and nonsurvivors, and there
was no difference in the prevalence of
pneumonia. By logistic regression, the
odds ratio of developing an infection per
unit of blood transfused was 1.13 (p "
.001), an increase of 13% per unit of
blood transfused.

The mortality rate for the 620 patients
surviving for !24 hrs was 14.5%, and the
mean length of stay was 37 # 1.5 days.

Survivors differed significantly from non-
survivors in age, burn size (both full
thickness and partial thickness), and the
presence of inhalation injury at the time
of admission (Table 1). Analysis of insti-
tution-specific outcomes based on num-
ber of patients enrolled revealed no sig-
nificant differences in survival between
institutions. Sixty-four patients (31.2%)
of patients with escharotomies died. Non-
survivors received more blood than sur-
vivors (17.9 # 3.0 vs. 13 # 1.2 units,
p " .05) during their hospital stay. No
difference between survivors and nonsur-
vivors existed in the number of units of
blood transfused in the operating room
(4.4 # 0.3 units in survivors vs. 3.7 # 0.8
units in nonsurvivors). Nonsurvivors re-
ceived significantly more blood transfu-
sions outside the operating room (14.0 #
2.4) compared with survivors (8.6 # 0.1,
p " .05). Survivors also received their
first blood transfusion later in their hos-
pital stay than did the nonsurvivors.

Multiple logistic regression analysis
was performed to determine the indepen-
dent variables for survival after burn in-
jury, as depicted in Table 4. There was a
negative relationship between survival
(i.e., increased mortality) and age, TBSA
burn, total number of blood transfusions,
presence of cardiac disease, and blood
stream infection. Survival was positively
associated (i.e., patients were more likely
to survive) with the number of operations
and the interval to the last transfusion.

DISCUSSION

Patients with major burns differ from
other critically ill patients due to their
sustained hyperdynamic cardiovascular
and metabolic response to injury; thus,
the traditional physiologic variables used
to determine transfusion need are not
applicable (11). In this study, 75% of pa-
tients with burns of !20% TBSA received
a blood transfusion. Survival decreased
with increasing age, increasing percent-
age TBSA burn, inhalation injury, preex-
isting cardiac disease, number of blood
stream infections, and the total number
of blood transfusions received during
hospitalization. Blood transfusion also
increased the risk of infection by approx-
imately 13% per unit transfused.

The frequency of blood transfusion in
this study is comparable with a previous
report for ICU patients with a hospital
length of stay of !13 days (8). However,
burn patients received their first blood
transfusion in the perioperative period,

Table 3. Comparison of transfused and nontransfused patients

Variable
Transfused
(n $ 463)

Nontransfused
(n $ 157)

Demographics
Age, yrs # SEM 31.9 # 1.1 33.2 # 1.7
Female sex (%) 130 (27) 20 (12)a

Severity of illness
TBSA burn, % # SEM 38.8 # 0.8 29.5 # 1.0a

Inhalation injury (%) 185 (40) 31 (20)a

Cardiac disease (%) 41 (9) 11 (7)
Treatment

Escharotomy (%) 169 (36) 18 (11)a

No. of operations # SEM 4.6 # 0.2 0.54 # 0.1a

Infections
Ventilator-associated pneumonia (%) 195 (42) 10 (6)a

Urinary tract infection (%) 130 (27) 10 (6)a

Blood stream infection (%) 186 (40) 6 (4)a

Wound infection (%) 186 (40) 24 (15)a

Outcome
Length of stay, days # SEM 48.8 # 1.9 13.5 # 0.9a

Survival (%) 396 (86) 134 (85)

TBSA, total body surface area.
ap " .05 by Student’s t-test.

Table 4. Adjusted logistic regression model for survival

Odds Ratio P 95% Confidence Interval

Age 0.953 ".001 0.934–0.972
Female sex 0.938 .890 0.375–2.342
TBSA total 0.946 ".001 0.920–0.973
Inhalation injury (1 $ yes) 0.324 .006 0.144–0.728
Number of infections 1.283 .258 0.833–1.977
Number of operations 1.339 .003 1.107–1.619
Admission to first operation 1.115 .106 0.977–1.272
Admit to first transfusion 1.105 .113 0.977–1.250
Admit to last transfusion 1.043 .002 1.015–1.071
Total blood transfusions 0.982 .012 0.967–0.996
Escharotomies 0.675 .343 0.299–1.522
Cardiac disease 0.165 .002 0.052–0.520
ARDS 1.720 .312 0.601–4.916
Blood stream infection 0.124 ".001 0.041–0.374

TBSA, total body surface area; ARDS, acute respiratory distress syndrome.
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and this initial transfusion occurred later
in the hospital course (5 days) than in
previous ICU reports (3 days) (8, 12, 13).
Blood transfused in the operating room,
which was not addressed in previous ICU
studies, did not affect survival. However,
blood transfused outside the operating
room influenced survival, suggesting that
emphasis should be placed on indications
and timing of transfusion in the burn ICU
in future prospective studies.

Our findings, similar to other ICU stud-
ies, suggest that the number of blood trans-
fusions received during hospitalization may
be a marker for disease severity and survival
(2, 7, 8). Recent prospective studies of
trauma patients reported that blood trans-
fusion was an independent predictor for
mortality, ICU admission, systemic inflam-
matory response syndrome, ARDS, ventila-
tor associated pneumonia, and hospital
length of stay independent of injury sever-
ity (14–16). Similarly, a European study of
both medical and surgical ICU patients sug-
gested an association between transfusion
and organ dysfunction in critically ill pa-
tients (17).

The administration of blood products
has been linked to increased infection
and immunosuppression in several ani-
mal and ICU studies (18 –21). Blood
transfusion was associated with infec-
tious complications in the present study,
with each unit of blood transfused in-
creasing the risk of infection by 13%.
Immunosuppression after burn injury is
ubiquitous; further compromise of the
immune system by blood transfusion may
increase the patient’s susceptibility to in-
fection and may affect mortality (22, 23).

The use of blood transfusions in the
treatment of major burn injuries reported
here also differed from that previously re-
ported by burn surgeons and the ICU liter-
ature (8, 9). Factors reported as altering the
hemoglobin transfusion trigger (such as
ARDS, sepsis, cardiac disease, inhalation in-
jury, age of !60 yrs, and extent of burn) did
not alter transfusion thresholds in this
study. These findings highlight the fact that
perceived and actual medical practices are
not equivalent.

Anticoagulant use, which has not been
addressed in previous blood transfusion
studies, may increase blood loss and the
need for blood transfusion after burn in-
jury. In this study, the 35% of patients
who received anticoagulation received
more blood transfusions (16 vs. 12 units
of packed red blood cells), particularly in
the operating room (6 vs. 4 units of
packed red blood cells). The risk/benefit

ratio of anticoagulation must be assessed
before instituting anticoagulation in pa-
tients with large burns requiring multi-
ple operations.

Previously documented survival deter-
minants after major burn injury include
patient age, burn size, and the presence
of inhalation injury (24). The demo-
graphic variables in this study are consis-
tent with national burn statistics: the ma-
jority were men 19–30 yrs of age with a
20–30% TBSA burn and a mean length of
stay of 1 day per percent burn (25, 26).
The data from this study are a represen-
tative sampling of major burn injury.

Although this study confirms previous
findings and adds further information to
the risk/benefit ratio of blood transfusion
after a major burn injury, it has several
limitations. The study is potentially lim-
ited by the sample size, which may have
resulted in undetected associations. Due
to the many variables in both disease
presentation and treatment, residual con-
founding may have occurred, despite ap-
propriate statistical analysis. Although an
association exists between blood transfu-
sion and survival, other factors, such as
medical comorbidities, may affect sur-
vival. The severity of burn injury varied
among the patients studied; we used es-
tablished measures of injury severity
(age, TBSA burn, and inhalation injury)
in our statistical model to adjust for these
differences. This study provides data on
the total number of transfusions but does
not provide insight into the time course
of blood transfusion or the reasons for
administering the transfusions. Thus, al-
though this study suggests that blood
transfusions are associated with a de-
crease in survival after major burn injury,
it does not provide direct evidence that
blood transfusions were the sole cause of
survival differences between groups.

CONCLUSIONS

Although blood transfusion is ubiqui-
tous in the treatment of major burn in-
jury (!20% TBSA burn), appropriate in-
dications for transfusion in burns remain
elusive. This study suggests that mortal-
ity and infectious complications may be
related to the number of blood transfu-
sions received. The amount of blood re-
ceived outside the operating room, a sit-
uation in which burn intensivists have
control of therapy, has the greatest asso-
ciation with survival. A prospective, ran-
domized, multicenter study is needed to
determine the appropriate indications for

blood transfusion in burn patients. In the
interim, the use of blood transfusions in
the treatment of patients with major
burn injury should be reserved for pa-
tients with a demonstrated physiologic
need.

REFERENCES

1. Wallace EL, Churchill WH, Surgenor DM, et
al: Collection and transfusion of blood and
blood components in the United States,
1994. Transfusion 1998; 38:625–636

2. Hebert PC, Wells G, Martin C, et al: A Canadian
survey of transfusion practices in critically ill
patients. Crit Care Med 1998; 26:482–487

3. Vincent JL, Baron JF, Reinhart K, et al: Ane-
mia and blood transfusion in critically ill
patients. JAMA 2002; 288:1499–1507

4. Vincent JL, Sakr Y, Le Gall JR, et al: Is red
blood cell transfusion associated with worse
outcome? Results of the SOAP study. Abstr.
Chest 2003; 124:125S

5. Marini JJ: Transfusion triggers and Occam’s
rusty razor. Crit Care Med 1998; 26:1775–1776

6. Alvarez G, Hebert PC, Szick S: Debate: Trans-
fusing to normal haemoglobin levels will not
improve outcome. Crit Care 2001; 5:56–63

7. Hebert PC, Wells G, Blajchman MA, et al: A
multicenter, randomized controlled clinical
trial of transfusion requirements in critical
care. N Engl J Med 1999; 340:409–417

8. Corwin HL, Gettinger A, Pearl RG, et al:
The CRIT Study: Anemia and blood trans-
fusion in the critically ill. Current clinical
practice in the United States. Crit Care
Med 2004; 32:39 –52

9. Palmieri TL, Greenhalgh DG: Blood transfu-
sion in burns: What do we do? J Burn Care
Rehabil 2004; 2004; 25:71–75

10. Garner JS, Jarvis WR, Emori TG, et al: CDC
definitions for nosocomial infections, 1988.
Am J Infect Control 1988; 16:128–140

11. Nguyen TT, Gilpin DA, Meyer NA, et al: Cur-
rent treatment of severely burned patients.
Ann Surg 1996; 223:14–25

12. Corwin L, Parsonnet KC, Gettinger A: RBC
transfusion in the ICU: Is there a reason?
Chest 1995; 108:767–771

13. Groeger JS, Guntupalli KK, Strosberg M, et
al: Descriptive analysis of critical care units
in the United States: Patient characteristics
and intensive care unit utilization. Crit Care
Med 1993; 21:279–291

14. Malone DL, Dunne J, Tracy JK, et al: Blood
transfusion, independent of shock severity, is
associated with worse outcome in trauma.
J Trauma 2003; 54:898–905

15. Shapiro MJ, Gettinger A, Corwin HL, et al:
Anemia and blood transfusion in trauma pa-
tients admitted to the intensive care unit.
J Trauma 2003; 55:269–273

16. Croce MA, Tolley EA, Claridge JA, et al:
Transfusions result in pulmonary morbidity
and death after a moderate degree of injury.
J Trauma 2005; 59:19–23

17. Vincent JL, Baron J, Reinhart K, et al:

1606 Crit Care Med 2006 Vol. 34, No. 6



Anemia and blood transfusion in critically
ill patients. JAMA 2002; 288:1499 –1507

18. Blumberg N, Heal JM: Effects of transfusion
on immune function. Arch Pathol Lab Med
1994; 118:371–379

19. Landers DF, Hill GE, Wong KC, et al: Blood
transfusion–induced immunomodulation.
Anesth Analg 1996; 82:187–204

20. Taylor RW, Manganaro L, O’Brien J, et al:
Impact of allogenic packed red blood cell
transfusion on nosocomial infection rates in
the critically ill patient. Crit Care Med 2002;
30:2249–2254

21. Graves TA, Cioffi WG, Mason AD, et al:
Relationship of transfusion and infection
in a burn population. J Trauma 1989; 29:
948

22. Alexander M, Chaudry IH, Schwacha MG:
Relationships between burn size, immuno-
suppression, and macrophage hyperactivity
in a murine model of thermal injury. Cell
Immunol 2002; 220:63–69

23. Zedler S, Bone RC, Baue AE, et al: T-cell
reactivity and its predictive role in immu-
nosuppression after burns. Crit Care Med
1999; 27:66 –72

24. Pruitt BA Jr, Goodwin CW, Mason AD: Epi-
demiological, demographic, and outcome

characteristics of burn injury. In: Total Burn
Care. Herndon DN (Ed). London, WB Saun-
ders, 2002, pp 16–30

25. Brigham PA, McLoughlin E: Burn incidence
and care in the United States: Estimate,
trends, and data sources. J Burn Care Rehab
1996; 17:95–107

26. National Burn Repository 2002 Re-
port: American Burn Association. Chi-
cago, American Burn Association, 2002, pp
1–17

APPENDIX

Research Coordinators. Karla Ahrns,
University of Michigan Health Systems,
Ann Arbor, MI; Rose R. Baker, Clifford
Boeckman Regional Burn Center, Akron,
OH; Melissa Chan, University of Utah
Intermountain Burn Center, Salt Lake
City, UT; Daria Crean, The Burn Center at
Washington Hospital Center, Washington,
DC; Lorraine Donison, Oregon Burn Center,
Portland, OR; Linda Edelman, University of
Utah Intermountain Burn Center, Salt Lake
City, UT; Paul Edwards, St. Elizabeth

Regional Burn Center, Lincoln, NE; Marsh
Halerz, Loyola University Medical Center,
Maywood, IL; Shari Honari, University of
Washington Burn Center, Seattle, WA; Mary
Kessler, North Carolina Jaycee Burn Center,
UNC Hospitals, Chapel Hill, NC; Areta Kowal-
Vern, Sumner L. Koch Burn Center, Chicago,
IL; Mary Beth Lawless, University of Califor-
nia–Davis Burn Center, Sacramento, CA;
Martha Lydon, Shriners Hospital for Children
Boston, Boston, MA; Barbara Moudry, Re-
gions Burn Center, Regions Hospital, St.
Paul, MN; Kate Nelson, Shriners Hospital for
Children Northern California, Sacramento,
CA; Kathryn Palmer, Western States Burn
Center, Greeley, CO; Karen Perrin, Shands
Burn Center at the University of Florida,
Gainesville, FL; Karen Richey, Arizona Burn
Center at Maricopa Medical Center, Phoenix,
AZ; Mary Rieman, Shriners Hospital for
Children Cincinnati, Cincinnati, OH;
Johanna Sanders, Shriners Hospital for
Children Northern California, Sacra-
mento, CA; Debra Van Kuiken, The Uni-
versity Hospital, Cincinnati, OH.

1607Crit Care Med 2006 Vol. 34, No. 6


